Background: The expanded Programme on Immunization (EPI) is one of the most cost-effective interventions to reduce childhood mortality and morbidity. However, determinants of childhood immunization have not been well studied in Senegal. Thus, the aim of our study is to assess routine immunization uptake and factors associated with full immunization status among Senegalese children aged 12-23 months. Methods: We used the 2010-2011 Senegalese Demographic and Health Survey data. The DHS was a two stages cross-sectional survey carried out in 2010-2011. The analysis included 2199 children aged 12-23 months. The interviewers collected information on vaccine uptake based on information from vaccination cards or maternal recall Univariate and multivariable logistic regressions models were used to identify the determinants of full childhood immunization. Results: The prevalence of complete immunization coverage among boys and girls based on both vaccination card information and mothers' recall was 62.8%. The immunization coverage as documented on vaccination cards was 37. 5%. Specific coverage for the single dose of BCG at birth, the third dose of polio vaccine, the third dose of pentavalent vaccine and the first dose of measles vaccine were 94.7%, 72.7%, 82.6%, and 82.1%, respectively. We found that mothers who could show a vaccination card ], attended at least secondary education level [AOR 1.8 95% CI (1.20-2.48)], attended four antenatal visits [AOR 3.10 95% CI (1.69-5.63)], or delivered at a health facility [AOR 1.27 95% CI (1-1.74)] were the predictors of full childhood immunization. Additionally, children living in the eastern administrative regions of the country were less likely to be fully vaccinated . Conclusions: We found that the full immunization coverage among children aged between 12 and 23 months was below the national (> 80%) and international targets (90%). Geographic area, mother's characteristics, antenatal care and access to health care services were associated with full immunization. These findings highlight the need for innovative strategies based on a holistic approach to overcome the barriers to childhood immunization in Senegal.
Background
Childhood immunization still remains one of the most cost-effective preventive strategies against mortality and morbidity among children [1] . Immunization saves the lives of up to three million children's every year. High rates of vaccine coverage could prevent an additional 1.6 million deaths a year among children under the age of five [1, 2] .
Following WHO efforts to eradicate smallpox and control childhood diseases, Senegal launched its Expanded Programme on Immunization (EPI) in 1979. The goal of the national EPI is to ensure full immunization of children against preventable diseases. EPI is a routine activity within the public healthcare system. In addition, time specific mass immunization campaigns and door-to-door activities are regularly implemented across the country to help increase routine immunization uptake.
At the beginning of the program in 1979, the national EPI targeted seven diseases. The number of diseases covered later on increased to 9 in 2002, and then to 11 in 2005. The current immunization schedule for children 0 to 15 months old is shown in Table 1 .
In Senegal, EPI is funded by the government and its partners (GAVI, UNICEF, and WHO) and vaccines are provided free of charge in public health facilities. Overall, the total cost of the routine immunization program in 2013 was $17,162,250 (USD) [3] . However, despite the large sums spent to purchase vaccine the country is still struggling to maintain a steady and high rate of immunization coverage. In 2010, the reported global immunization coverage dropped down to 70%, with some districts reporting rates ≤50% for some specific vaccines. Additionally, in 2012 up to 14,940 infants did not even receive a single dose of BCG vaccine while many areas faced low use of immunization services with a DTP3 coverage between 50 and 79% [4] . The country experienced within the last 5 years a rise in measles outbreaks with high case fatality rate [5] .
The breakdowns of the program are probably due to the fact that childhood immunization is a complex process involving health services organization, cultural beliefs, parent's characteristics and socio-economic factors [6] . Beyond the financial investment, national EPI programs should integrate in a coherent approach all the modifiable factors that can affect the immunization process. Moreover, implementing a sustainable immunization program requires also a reliable cold chain and transport systems, with adequate training of health workers and appropriate educational programs to inform the communities, mothers and caregivers about available services [6] .
In Senegal, most of the studies on childhood immunization focused on specific areas or on a small number of vaccine-preventable diseases [5, 7, 8] . In addition, these studies mainly studied individual characteristics rather than determinants related to access to health care and environmental factors. Finally, existing research did not sufficiently use nationally representative household surveys to assess full immunization coverage and its determinants in the country.
Thus, we conducted a secondary analysis of the 2010-2011 Demographic and Health Survey (DHS) to assess routine immunization uptake and factors associated with full immunization among children aged between 12 and 23 months. A better understanding of these determinants might help the national EPI program to re-orient its approaches with new strategies that may further reduce mortality and morbidity among children in Senegal.
Methods

Study design and study settings
We conducted a secondary analysis of the Senegal 2010-2011 DHS data. The objectives,organization, and sample design of the DHS are described elsewhere [9] . Briefly, the 2010-2011 DHS was a nationally representative household survey implemented across all the 14 administrative regions of Senegal between October 2010 and April 2011. 
Participants
During the 2010-2011 DHS, a total of 392 clusters were selected from urban and rural strata with a sampling probability proportional to the population size, with 147 clusters selected for urban areas and 245 clusters for rural areas. For the urban strata, the number of clusters per region varied from a maximum of 30 in Dakar to a minimum of 6 in the Kaffrine region. For the rural stratum, the number of clusters ranged from 4 in the Dakar region to 23 in the Diourbel region. At the second stage of the sampling, interviewers randomly sampled households within each cluster. A total of 8212 households were selected across the 14 regions in Senegal.
All women aged between 15 and 49 years old who were either a permanent resident or a visitor present of the household on the night before the survey were eligible for the surveys. However, the overall sample size was only representative of the national population and couldn't be disaggregated by region. Our analysis included women who had a live birth within the 2 years preceding the survey and with a living child aged 12-23 months.
Survey instrument and administration
Eligible women were interviewed using a Women's Questionnaire, including maternal and child parameters [10] . The 2011 DHS collected information on vaccination coverage from two sources: the vaccination card shown by mothers to interviewers and the mother's recall of vaccination. If the health card was available, information regarding the date of administration was directly collected from the vaccination card which normally records dates of all routine vaccinations. If no card was presented, the interviewer asked the mother to recall all vaccination received by their child and when appropriate, the number of doses received without asking for the dates. During the 2011 DHS, out of a total of 2199 women surveyed, 31.33% (689/2199) did not show a vaccination card and therefore reported on children vaccination by recall only [10] . Evidence on the quality of data from maternal recall is documented from previous studies in sub-Saharan Africa and LMICs which indicate that maternal recall is almost similar compared to data collected from the health card [11, 12] .
Measurement of variables Outcome variable
We used the Children's record dataset for those aged between 12 and 23 months. According to WHO guidelines, a fully immunized child is a child in the 12-23 months old age group who has received a single dose of BCG vaccine, three doses of Pentavalent vaccine (which contains five antigens against diphtheria, tetanus, pertussis, hepatitis B and haemophilus type b), three doses of polio vaccine (excluding the dose given shortly after birth) and the first dose of measles vaccine. In this study, our definition of full immunization did not include vaccines introduced after 2012 such as rotavirus vaccine, pneumococcal vaccine and the second dose of measles-contained vaccine. Previous studies on child immunization coverage have used the same definition for full childhood immunization [13] [14] [15] . Thus, the percentage of children aged between 12 and 23 months who received all the specified vaccines according to the information on vaccination card or by mother's recall represents the study outcome.
In the children's dataset, the outcome "complete immunization" had five categories of response: No (o), vaccinations dates on card (1), vaccinations reported by mothers (2), vaccinations marked on card (3) and don't know (4). We recoded the three categories "vaccination date on card" (1), "vaccination reported by mothers" (2) and "vaccination marked on card" (3) as "1" and recoded all the remaining categories as "0" and labelled "not received". For the nine vaccine doses, we first recoded to reflect "vaccinated" or "not vaccinated" for each dose and combined them to reflect "completely vaccinated".
Exposure variables
We selected 17 co-factor variables potentially associated with child immunization. The WHO framework on epidemiology of the unimmunized child [6] describes the different factors affecting child's immunization into four main categories: health care immunization system, communication and information, family characteristics, and parental attitudes and knowledge. In our study, the immunization system category included the distance to health facility, and the need to take transportation. The communication and information category included: use of mass media according to the levels of access and source (radio, TV and newspapers), family characteristics included the followings variables: mother's and father's education level, mother's age at child birth, marital status, household level of poverty assessed by the wealth quintile, ethnic group, religion, child gender, birth order, urban/rural residence (urban/rural), and region of residence. Variables on familiarity and use of other health care services such as antenatal care during pregnancy and the relative distance to the closest health center represented the parental attitudes/knowledge. Finally, we included the gender relationship such as the involvement of women in household decision making.
Statistical analysis
We summarized continuous variables using means with standard deviations and summarized categorical variables with frequencies and percentages. We conducted bivariate analysis and binomial logistic regression. Variables significant at p-value ≤0.25 were included in the multivariable logistic regression models. Vvariables that did not have a significant regression coefficient were removed and a smaller model set up. To assess for confounding, we compared for each variable the estimated coefficient in the smaller model with the previous values in the larger model. Variables, when excluded, that changed the coefficient of remaining variables of Δβ > 20%, were considered as potential confounders and were added back in the model [16] . Variables that were not significant at the univariate analysis were added back to the model and their significance assessed in the presence of other significant variables. Finally, we added demographic characteristics such as age, sex, and predictors well known from previous research but not significant in our model. Subsequently, the goodness of fit of our final model was tested using the Hosmer-Lemeshow test [17] . All data management procedures and statistical analysis were done using STATA software version 13. Due to the complex sampling design, we used the Svyset command to account for inverse probability weighting (IPW), clustering, and stratification to provide unbiased estimates of the population parameters.
Results
Sociodemographic characteristics of children and mothers
As indicated in Table 2 , the mean age (±SD) of mothers in the sample was 27.5 years (±2.23). More than half of women (68.7%) had no formal education and nearly 50% (43.8%) were classified as "poor/poorest" ( Table 2 ). A total of 2199 children aged between 12 and 23 months at the time of the interviews were included in this study. Just over half (51.27%) of the children in the sample were males and 31.36% of them did not have a vaccination card.
Vaccination coverage rate among children aged between 12 and 23 months
The prevalence of complete immunization coverage among all children was 62.8% (Table 3) . However, the prevalence of complete immunization coverage obtained by information from the vaccination card was 37.5%, while the same information obtained by mother's recall of vaccination was 77.14%.
For specific vaccines, the immunization coverage for antigens given at birth were 94.7% and 79.2% for BCG vaccine and for the oral polio vaccine, respectively (Table 3) . For vaccines given at 6 weeks of age, the coverages were 93.8% for Penta1 was 93.8% and 94.6% for Polio1. Finally, for vaccines provided at 10 months, 14 months, and 15 months, the immunization coverages were 82.6% for Penta 3, 72.7% for Polio 3, and 82.1% for Measles (Table 3) .
For geographic differences, the southern regions of Senegal had the highest percentage of children fully immunized with a coverage of 66.87% while the lowest percentage was seen in the eastern side of the country with a coverage of children fully immunized at 46% found in the eastern administrative regions (Table 3 ). Finally, for economic differences, the percentage of fully immunized children was the highest among the "richest" families at 70.7% (Table 3) . That same percentage dropped down to 63.8% for the "mid-level of wealth" families and was the lowest at 56.6% for the "poorest" families.
Determinants of immunization status among children aged between 12 and 23 months Tables 4 and 5 show the results of the bivariate and multivariate analysis to identify factors associated with full immunization status. For the bivariate analysis, factors associated with full immunization coverage were mother's education level, mother's marital status, mother being able to show a vaccination card, access to information from television and place of delivery (Table 4 ). The prevalence of fully immunized children was not significantly different between urban and rural areas (63.1% vs 62.7% p value = 0.85).
Results of multivariable logistic regression analysis (Table 5) show that children aged between 12 and 23 months whose mother attended at least secondary school were more likely to be fully vaccinated (AOR 1.8 95% CI [1.20-2.48] p value = 0.001) compared to children with lower educated parents (Table 4 ). In addition, Table 5 indicates that women with four antenatal visits during pregnancy were more likely to have their children vaccinated by the age of 12-23 months than those with lower number of antenatal visits [AOR 3.10 95% CI (1.69-5.63) p value <0.001]. Similarly, children whose mothers delivered in health facilities were more likely to be vaccinated than those whose mothers delivered at home [AOR 1.27 95% CI (1-1.74) p value = 0.049] ( Table 5 ). Table 5 shows that children whose mothers were able to show a vaccination card were 7.27 times more likely to be fully vaccinated as compared to children whose mothers could not show a vaccination card during the survey [AOR 7.27 95% CI (5.50-9.60) p value <0.001]. Likewise, children living in eastern regions were less likely to be fully vaccinated as compared to children living in western regions [AOR 0.62 95% CI (0.39-0.97) p value = 0.039] ( Table 5 ).
Variables such as mother's age, household wealth quintile, and "urban versus rural areas" were not independently associated with full immunization coverage.
Discussion
We assessed routine immunization uptake and factors associated with full immunization among 12-23 months old children in Senegal. Our results show that among these children more than half of them received the nine recommended vaccines and the overall immunization coverage was 62.8%. Based on mother's recall, 77.14% of children were vaccinated while only 37.5% were fully immunized based on information from the vaccination card. We found that children aged between 12 and 23 months whose mother showed a vaccination card, attended at least a secondary education level, attended antenatal care, or delivered at a health facility were more likely to be fully immunized. Moreover, children living in eastern regions were less likely to be immunized or complete their vaccination schedule when compared to children living in western regions.
The coverage of 62.8% felt short below the global immunization goal and strategy (GIVS) recommended target of ≥90% national immunization coverage set by WHO and UNICEF. However, this prevalence is still high when compared to what is seen in other West African countries such as Guinea: 30% [3] , Ivory Cost: 51% and Mali: 39% [18] . The variations in immunization coverage between different countries can be explained by factors such as socio-cultural, or health services coverage and performance differences [6] . In this study, the proportion of children who receiving the BCG vaccine (95%) was higher than those receiving the first dose of the polio vaccine (79%). This finding indicates there are still missed opportunities and highlight Data are expressed as means (SDs) or percentages. *Denotes P-value statistically significant at 0.05 level the challenge of introducing early polio vaccine which should be given within 24 h after birth. In our study, there was a decline in coverage of immunization from BCG at birth (94.7%) to measles (82.1%). Overall, the dropout rate between BCG vaccine and measles vaccine was around 11%.
Our findings corroborate with those in Nigeria, Guinea, and Uganda [18] [19] [20] . A plausible reason to explain reduction in the proportion of full vaccination coverage when children get older compared to vaccines received after birth may be due to logistical problems but also the fact that some mothers may not understand the routine immunization schedule [6] or may not choose to come back after adverse events following the first contact with the immunization system. In a study in West Africa, factors determining completion of the DTP3/Oral polio vaccine included past experience with vaccination services (short waiting time, not having been turned away or not knowing a child with post vaccine adverse events). The high dropout rate means that difficulties still exist in immunization program utilization specifically the follow-up of children throughout the immunization schedule [6] .
Our study revealed that 77.14% of children were fully immunized according to mothers recall while only 37.5% were classified as fully immunized when only the vaccination card was considered. Similar findings in the differences between the two methods have been previously described in Nigeria and Ethiopia [13, 20] . In addition to recall bias, this difference may be the result of mothers without a health card to tend to provide answers that will be viewed favorably by the interviewers, or social desirability bias. Thus, this situation may lead to overestimation of doses really received by the children.
Our results indicate that out of the four main geographic areas, the eastern regions had the lowest rate of immunization coverage and there is significant regional difference as children from southern regions had the highest rates. This difference may be due to differences in the uptake of immunization services based on cultural beliefs or differences in the quantity and/or the quality of health care services between the administrative regions [7, 21] . This may also be explained by, vaccine procurement, supply, cold-chain, or differences in other logistics issues between regions [22, 23] .
In this study, children born from mothers who attended antenatal care during pregnancy or who gave birth at the health facility were more likely to be fully vaccinated. Similar findings were seen on other studies in LMICs and subSaharan African countries [6, [13] [14] [15] . This may be explained by the fact that in Senegal local health centers are the backbone of the primary health care approach and offer a range of preventive and curative services including immunization programs, which have been strengthened at [15, 22, 24] has been used to strengthened the immunization system and support low performance health districts. With the adoption of this strategy, public health facility managers were encouraged to implement the principle of good immunization practices. This strategy also included the identification, and resolution of local problems, organization of regular outreach in vaccine delivery services and community participation in raising vaccine coverage. Another strategy adopted at the district level in Senegal was the integration of childhood immunization into all aspects of child health care delivery.
The capacity to achieve equity is a key component of national immunization programmes [21] . In this study, we analyzed equity in immunization coverage with regard to areas of residence (urban versus rural) and the household wealth index (full immunization coverage by wealth quintile). Our multivariate analyses results showed no significant associations between full immunization and areas of residence or household wealth index. These findings were not confirmed by results seen in other African and other LMI countries [4, 12, 13, 16, 18, 25] . In a study in Ethiopia, Lakew et al. [13] showed that children born from mothers of higher wealth index were 40% more likely to have received full vaccination status compared with children from women of poor wealth index group. However, in their study, the wealth quintile was categorized only into three groups (poor, middle and rich) and the percent coverage among children in the lowest quintile group was very low compared to our study (17.5% vs 61.9%). Similarly, Lynch et al. demonstrated that higher economic status was associated with better health [25] . However, in their study they used a more complex definition of health including quality of life, life expectancy, and specific measure such as causes of death [25] .
Our study focused on nine vaccines available at the time of the survey used for theses analyses. However, in 2013 and 2014, Senegal launched a large-scale introduction of the pneumococcal vaccine and the rotavirus vaccines. Additionally, a human papilloma virus (HPV) vaccine to prevent cervical cancer among adolescent girls aged 9-13 years old is expected to be added to the vaccines offered in 2017. With the introduction of these new antigens into the routine immunization schedule, the number of vaccines offered by the national EPI through the public health infrastructures is expected to rise. However, there is a risk that the introduction of these new vaccines may negatively impact the delivery of traditional vaccines such as BCG vaccine, pentavalent, measles and polio vaccine [26] . Therefore, current strategies should focus on planning and strengthening the health system to make sure the rates of immunization coverage is not affected by the addition of new vaccines.
Limitations of the study
Our study has some limitations. First, information on child's immunization was collected from either the health card or the mother's recall of vaccinations as recommended by the World Health Organization. However, because of potential shame and social stigma, mothers of children who don't have the vaccination recorded on the health card may be more tempted to report a vaccination for their children introducing a potential subject bias. Consequently, the level of immunization coverage may be lower than the prevalence reported in this study. Second, information on immunization and certain sociodemographic characteristics was collected at the same time, therefore it may be difficult to establish a causal relationship between these characteristics and the child immunization status. Third, in this study, based on the birth history, only living children were included, therefore the generalizability to all children, living and deceased, remains unclear.
Conclusions
In conclusion, we found that immunization coverage among children aged between 12 and 23 months was below the national (> 80%) and international objectives (> 90%). Our findings show that childhood full immunization depends on different factors related to mother's individual characteristics, household characteristics and the use of antenatal services. These findings highlight the importance of using data to target specific geographic areas or age groups as well as address several factors that contribute to lower immunization rates. 
